Study objective-The aim was to evaluate the current approach to forecasting hospital bed requirements.
Over the past 25 years there have been substantial changes in medical practice which have altered gross demand for hospital facilities, the type of facilities required, and the ways they are used. All these changes have financial implications both in terms of revenue requirements and capital investment. During the same period there has been a move to ensure that health care facilities are more evenly distributed within the country as a whole. Planning problems are compounded by the fact that many hospitals are old and reaching the end of their useful life. Thus planning of hospital services is an important issue, yet the models available to forecast facilities and manpower are generally inadequate. There is a need to develop a method whereby the optimum level of provision can be established and the likely effects of changes proposed can be assessed. A planning model should enable managers to maximise the use of projected capital and investment and minimise cost. This paper is concerned with one aspect of the development of such models, namely, obtaining short term forecasts of future work loads in the acute hospital sector. It does not evaluate current methods for forecasting populations.
The plan of this paper is as follows: the first section considers the relationship used to forecast hospital bed needs and the data used for this purpose; the second section introduces the methodology of forecasting used throughout the paper; the third section is devoted to a critical analysis of the current method of forecasting hospital bed requirements and illustrates the time series approach by applying it to a specific time series of Mean Duration of Stay (MDS); the fourth section considers the joint estimation of the ingredients of the relationship used for bed forecasting, Mean Duration of Stay, and Admission Rate (AR) as part of multiequation model; the conclusion is presented in the final section.
Data
Hospital bed requirements are usually forecast with the aid of the following relationship: Beds = (Pop*AR*MDS*E)/365 (1) where: Beds = forecast number of available beds; AR= projected admission rate (the forecast discharge rate is usually used as a proxy); MDS =projected average duration of hospital stay; Pop = projected population to be served; and E = projected efficiency factor. This may be the percentage daily occupancy or the so called turnover interval.
The daily available beds are defined as those beds available for the treatment of patients. The bed complement is a higher number that takes account of the fact that additional beds will be required because, for example, there will be a need to refurbish and update hospital facilities and slack to allow for emergencies or disasters. Such changes will result in some of the beds being unavailable most of the time. Sometimes an adjustment for the difference between the required available beds and the required bed complement is incorporated in the basic model.
The simple identity (equation 1) is usually applied to different age, sex, and specialty groups. This is essential as the process determining the ingredients of the identity changes between these groups. However, if disaggregation of the data is taken too far then the potential gain is lost due to lack of data.
The efficiency factors used in forecasts are essentially (but not necessarily) arbitrary. Since MDS and AR are critical to the whole model it is essential to understand how they are derived.
MEAN DURATION OF STAY
The mean duration of stay can be calculated in one of two ways. It can either be generated from data collected on discharge of patients from hospital (Hospital Activity Analysis data), referred to as patient orientated data, or estimated from statistics on hospital bed utilisation (SH3 data)-bed orientated data. At present national data are used to forecast the parameters (mean duration of stay and admission rate) which are then applied at regional or district levels. The implicit assumption here is that, in any given year, the gross national provision ofhospital beds is optimal, although no assumption is made regarding the distribution of this nationally "optimal" provision within the country. Thus the forecasts produced for a particular district (or region) give an indication of what resources will be required at some future time, assuming the factors that determine the national optimum provision will continue to be effective during the period of the forecast.
Moreover, it is assumed that the optimum This method has many advantages, the most notable of which is that it implies a cause and effect relationship which can be explored further. However from a forecasting point of view it has three major defects: (1) To obtain a forecast ofy we need future value ofx, so as Nelson2 puts it, "It would appear that the structural model has transformed rather than solved the forecasting (2) Following our previous notation, in time series analysis we are looking for the specification of the joint probability distribution of the sequence of observations Y1V2,... , Yn: let us denote this distribution by P1 ... n(Y,Y2,,Yn) and note that in general the parameter, or even the form of this density, may depend on the time point in question. This means that a sequence of observations evolves through time, according to a probability law P. Knowledge of P will enable us to make inference about future likely values ofy. The Box-Jenkins method is a procedure for identifying P. This is done in three stages:
(1) Identification-At this stage we entertain a set of possible models for the generating process ofy, by comparison of the sample correlogram, ie, plot of covariance ofYt, and Yt -k (k > 0) against k for a few lags (k); with the correlogram of some known theoretical models.
(2) Estimation-In this stage we estimate the models that are entertained in stage (1) In the above discussion we assumed that the series under investigation is stationary, ie, the extent to which two terms in the series are related depends only on the time interval between them and not on the time itself. Few series in practice satisfy this condition, especially if they are levels rather than rates of change. To overcome this difficulty we difference the series first before applying the above procedures. (For an excellent non-technical discussion of the Box-Jenkins approach for managerial purposes see Granger3.) Now suppose that the above procedure suggests the following simple model: yt= + fit (6) implies that:
Yr-Y -I = P, a constant ( 
7)
If we rewrite equation (4) 
In so doing a and b are considered not to depend on time and t is time. The fitted curve is then extrapolated to give a "value" for the desired year; this is then used in equation (1) to arrive at the forecast of beds required.
Recall our discussion of single equation structural forecasting; there we pointed out that misspecification of the distribution of the disturbance term £ in equation (2) 
where a and g are constants, and y = mean duration of stay, where 0 <g < I and a > 0. Ifg > 1 then (1 -g) < 0, which would contradict the fact thaty must be greater than 0. On the other hand if g<0 then (1-g)>1 and the process would explode as time passes. The crucial point to note about equation (10) is that whatever values are assigned to a and g, the model assumes a constant decay rate over time for which there is neither a theoretical nor an empirical justification.
Our next criticism of the simple model of equation (10) relates to the fact that such a model (as shown earlier) implies that the process generating mean duration of stay is a deterministic function of time. This assumption cannot be sustained by observations of the real situation; indeed, at best, time can be viewed as a proxy for important determinants of admission policy and length of stay. The length of time that individuals stay in hospital and their probability of admission will be affected by, amongst other factors, the availability of facilities, lengths of waiting lists, current medical practice, patterns of morbidity, and fashion. Moreover, within the linear (or log-linear) static model, the assumption is that each of the observations carries an equal weight. Thus the admission rate (or mean duration of stay) in year n -10 is accorded the same importance as in year n-1. This is unlikely to be a valid assumption. Last year's practices are much more relevant to this year because the style of medical practice, patterns of morbidity, availability of treatments, etc, will have more in common with those prevailing in the immediate past than those of the more distant past.
Thirdly any forecasting model must be stable over time, otherwise it is of little value. The historical data on mean duration of stay show that it fluctuates from year to year in many specialties. In a static regression model this will be reflected by instability in the value of the coefficients, which will tend to make the forecast unstable. This is shown in fig 3 which gives the 1994 "projection" derived from the 1969-77, 1971-79, 1973-81, and 1977-85 (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) . .o * .
4' 4.. 4-6 1969 1972 1975 1978 1981 1984 Figure 
